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Purpose

The major objective of process safety management (PSM) of highly
hazardous chemicals is to prevent unwanted releases of hazardous
chemicals especially into locations that could expose employees and

program requires a systematic approach to evaluating the whole

chemical process. Using this approach, the process design, process
technology, process changes, operational and maintenance activities
and procedures, nonroutine activities and procedures, emergency
preparedness plans and procedures, training programs, and other
elements that affect the process are all considered in the evaluation

be evalua
ened to ensure their effectiveness at each level. Process sa
management is the proactive identification, evaiuation and

or prevention of chemical releases that could occur as a resuit of
failures in processes, procedures, or equipment.

The process safety management standard targets highly hazardous
chemicals that have the potential to cause a catastrophic incident.
The purpose of the standard as a whole is to aid employers in their
efforts to prevent or mitigate episodic chemical releases that could
lead to a catastrophe in the workplace and possibly in the surround-
ing community.

To control these types of hazards, employers need to develop the
necessary expertise, experience, judgement, and initiative within
their work force to properly implement and maintain an effective
process safety management program as envisioned in the Occupa-
tional Safety and Health Administration (OSHA) standard.
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time, might consider alternative avenues of decreasing the risks
associated with highly hazardous chemicals at their workplaces.
One method that might be considered is reducing inventory of the
highly hazardous chemical. This reduction in inventory will result in
reducing the risk or potential for a catastrophic incident. Also,
employers, including small employers, may establish more efficient
inventory control by reducing, to below the established threshold, the
quantities of highly hazardous chemicals onsite. This reduction can
be accomplished by ordering smaller shipments and maintaining the
minimum inventory necessary for efficient and safe operation. When
reduced inventory is not feasible, the employer might consider
dispersing inventory to several locations onsite. Dispersing storage
into locations so that a release in one location will not cause a
f

PR o~ PRy P S R P P P Y. PN

release in another location is also a practical way to reduce the risk
or potential for catastrophic incidents.

+ Retail facilities;

Oil or gas well drilling or servicing operations;
» Normally unoccupied remote facilities;

» Hydrocarbon fuels used solely for workplace consumption as a fuel
(e.g., propane used for comfort heating, gasoline for vehicle
refueling), if such fuels are not a part of a process containing
another highly hazardous chemical covered by this standard; or

« Flammabile liquids stored in atmospheric tanks or transferred,
which are kept below their normal boiling point without benefit of
chiiling or refrigerating and are not connected to a process.

Process Safety Information
Hazards of the Chemicals Used in the Process

Complete and accurate written information concerning process
chemicals, process technology, and process equipment is essential
to an effective process safety management program and to a pro-
cess hazard analysis. The compiled information will be a necessary
resource to a variety of users including the team performing the
process hazard analysis as required by PSM; those developing the



Process technology information will be a part of the process safety
information package and should include employer-established

’

and interconnecting process flow lines and flow rates, stream

T

composition, temperatures, and pressures when necessary for
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clarity. The block flow diagram is a simplified diagram.

criteria for maximum inventory levels for process chemicals; limits
beyond which would be considered upset conditions; and a qualita-
tive estimate of the consequences or results of deviation that could
occur if operating beyond the established process limits. Employers
are encouraged to use diagrams that will help users understand the
A block flow diagram is used to show the major process equipment
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Figure 1
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Equipment in the Process

Piping and instrument diagrams (P&IDs) may be the more appropri-
ate type diagrams to show some of the above details as well as
display the information for the piping designer and engineering staff.
The P&IDs are to be used to describe the relationships between
equipment and instrumentation as well as other relevant information
that will enhance clarity. Computer software programs that do P&IDs
or other diagrams useful to the information package may be used to
help meet this requirement.

The information pertaining to process equipment design must be
documented. In other words, what codes and standards were relied
on to establish good engineering practice? These codes and
standards are published by such organizations as the American
Society of Mechanical Engineers, the American Petroleum Institute,
American National Standards Institute, National Fire Protection
Association, American Society for Testing and Materials, The
National Board of Boiler and Pressure Vessei inspectors, National
Association of Corrosion Engineers, American Society of Exchange
Manufacturers Association, and Modei Buiiding Code groups.

For existing equipment designed and consirucied many years ago in
accordance with the codes and sitandards avaiiabie at that time and
no longer in generai use today, the empioyer must document which
codes and standards were used and that the design and construction
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Employers who have not implemented an occupational safety and
health program may wish to form a safety and health committee of
employees and management representatives to help the employer
meet the PSM obligations. Such a committee can be a significant
ally in helping the employer implement and maintain an effective
process safety management program for all employees.

Process Hazard Analysis

A process hazard analysis (PHA), or evaluation, is one of the most
important elements of the process safety management program. A
PHA is an organized and systematic effort to identify and analyze the
significance of potential hazards associated with the processing or
handling of highly hazardous chemicals. A PHA provides information
that will assist employers and employees in making decisions for
improving safety and reducing the consequences of unwanted or
unplanned releases of hazardous chemicals.

A PHA analyzes potential causes and consequences of fires, explo-
sions, releases of toxic or flammable chemicals, and major spills of
hazardous chemicals. The PHA focuses on equipment, instrumenta-
tion, utilities, human actions (routine and nonroutine), and external
factors that might affect the process.

The selection of a PHA methodology or technique will be influenced
by many factors including how much is known about the process. Is
it a process that has been operated for a long period of time with little
or no innovation and extensive experience has been generated with
its use? Or, is it a new process or one that has been changed
frequently by the inclusion of innovation features? Also, the size and
complexity of the process will influence the decision as to the appro-
priate PHA methodology to use. All PHA methodologies are subject
to certain limitations. For example, the checklist methodology works
well when the process is very stable and no changes are made, but it
is not as effective when the process has undergone extensive
change. The checklist may miss the most recent changes and
consequently they would not be evaluated. Another limitation to be
considered concerns the assumptions made by the team or analyst.
The PHA is dependent on good judgement and the assumptions
made during the study need to be documented and understood by
the team and reviewer and kept for a future PHA.

The team conducting the PHA needs to understand the methodology
that is going to be used. A PHA team can vary in size from two
people to a number of people with varied operational and technical
backgrounds. Some team members may be part of the team for only



a limited time. The team leader needs to be fully knowledgeable in
the proper implementation of the PHA methodology to be used and
should be impartial in the evaluation. The other full or part-time team
members need to provide the team with expertise in areas such as
process technology; process design; operating procedures and
practices; alarms; emergency procedures; instrumentation; mainte-
nance procedures, both routine and nonroutine tasks, including how
the tasks are authorized; procurement of parts and supplies; safety
and health; and any other relevant subjects. At least one team
member must be familiar with the process.

The ideal team will have an intimate knowledge of the standards,
codes, specifications, and regulations applicable to the process
being studied. The selected team members need to be compatible
and the team leader needs to be able to manage the team and the
PHA study. The team needs to be able to work together while
benefiting from the expertise of others on the team or outside the
team to resolve issues and to forge a consensus on the findings of
the study and recommendations.

The application of a PHA to a process may involve the use of
different methodologies for various parts of the process. For ex-
ample, a process involving a series of unit operations of varying
sizes, complexities, and ages may use different methodologies and
team members for each operation. Then the conclusions can be
integrated into one final study and evaluation.

A more specific example is the use of a PHA checklist for a standard
boiler or heat exchanger and the use of a Hazard and Operability
PHA for the overall process. Also, for batch-type processes like
custom batch operations, a generic PHA of a representative batch
may be used where there are only small changes of monomer or
other ingredient ratio and the chemistry is documented for the full
range and ratio of batch ingredients. Another process where the
employer might consider using a generic type of PHA is a gas plant.
Often these plants are simply moved from site to site, and therefore,
a generic PHA may be used for these movable plants. Also, when
an empioyer has severai similar size gas piants and no sour gas is
being processed at the site, a generic PHA is feasible as long as the
variations of the individual sites are accounted for in the PHA.

Finally, when an empioyer has a large continuous process with
several control rooms for different portions of the process, such as
for a distillation tower and a blending operation, the employer may
wish to do each segment separately and then integrate the final
results.



Small businesses covered by this rule often will have processes that
have less storage volume and less capacity and may be less compli-

matasd tham mrasasncans A larma fanilid Thoavrnfara (OYCOLIA wrme: I~

Lalcu Ll iati PIVLTooTo QL a lalrye laum.y HIRITIVIC, WU I WUUU
anticipate that the less complex methodologies would be used to
meet the process hazard analysis criteria in the standard. These
process hazard analyses can be done in less time and with fewer
peopie being invoived. A less compiex process generally means that
less data, P&IDs, and process information are needed to perform a
process hazard analysis.

Many small businesses have processes that are not unique, such as
refrigerated warehouses or cold storage lockers or water treatment
facilities. Where employer associations have a number of members
with such facilities, a generic PHA, evolved from a checkilist or what-
if questions, could be developed and effectively used by employers
to reflect their particular process; this would simplify compliance for
them.

When the employer has a number of processes that require a PHA,
the employer must set up a priority system to determine which PHAs
to conduct first. A preliminary hazard analysis may be useful in
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are subject to coverage by the process safety management stan-
dard. Consideration should be given first to those processes with the
potential of adversely affecting the Iargest number of employees
This priority setting also should consider the potential severity of a
chemical release, the number of potentially affected employees, the
operating history of the process, such as the frequency of chemical
releases, the age of the process, and any other relevant factors.
Together, these factors would suggest a ranking order using either a
weighting factor system or a systematic ranking method. The use of
a preliminary hazard analysis will assist an employer in determining
which process should be of the highest priority for hazard analysis
resulting in the greatest improvement in safety at the facility occur-
ring first.

Detailed guidance on the content and application of process hazard
analysis methodologies is available from the American Institute of
Chemical Engineers’ Center for Chemical Process Safety, 345 E.
47th Street, New York, New York 10017, (212) 705-7319. Also, see
the discussion of various methods of process hazard analysis
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Operating Procedures

Operating procedures describe tasks to be performed, data to be
recorded, operating conditions to be maintained, samples to be



procedures need to be technically accurate, understandable to
employees, and revised periodically to ensure that they reflect
current operations. The process safety information package helps to
ensure that the operating procedures and practices are consistent
with the known hazards of the chemicals in the process and that the
operating parameters are correct. Operating procedures should be
reviewed by engineering staff and operating personnel to ensure
their accuracy and that they provide practical instructions on how to
actually carry out job duties safely. Also the employer must certify
annually that the operating procedures are current and accurate.

collected, and safety and health precautions to be taken. The

Operating procedures provide specific instructions or details on what
steps are to be taken or followed in carrying out the stated proce-
dures. The specific instructions should include the applicable safety
precautions and appropriate information on safety implications. For
example, the operating procedures addressing operating parameters
will contain operating instructions about pressure limits, temperature
ranges, flow rates, what to do when an upset condition occurs, what
alarms and instruments are pertinent if an upset condition occurs,
and other subjects. Another example of using operating instructions
to properly implement operating procedures is in starting up or
shutting down the process. In these cases, different parameters will
be required from those of normal operation. These operating
instructions need to clearly indicate the distinctions between startup
and normal operations, such as the appropriate aliowances for
heating up a unit to reach the normai operating parameters. Aiso,
the operating instructions need to describe the proper method for
increasing the temperature of the unit untii the normal operating
temperatures are reached.
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maintenance department (like changing a valve from steel to brass
or other subtle changes) need to be evaluated to determine whether
operating procedures and practices also need to be changed. All

management of change actions must be coordinated and integrated
with current operating procedures, and operating personnel must be
alerted to the changes in procedures before the change is made.

When the process is shut down to make a change, then the operat-

ing procedures must be updated before re-starting the process.

Training must include instruction on how to handle upset conditions
as well as what operating personnel are to do in emergencies such
as pump seal failures or pipeline ruptures. Communication among
operating personnel and workers within the process area performing
nonroutine tasks also must be maintained. The hazards of the tasks
are to be conveyed to operating personnel in accordance with
estabiished procedures and to those performing the actuai tasks.
When the work is compieted, operating personnei shouid be in-
formed to provide ciosure on the job.
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In establishing their training programs, employers must clearly
identify the employees to be trained, the subjects to be covered, and
the goals and objectives they wish to achieve. The learning goals or
objectives should be written in clear measurable terms before the
training begins. These goals and objectives need to be tailored to
each of the specific training modules or segments. Employers
should describe the important actions and conditions under which
the employee will demonstrate competence or knowledge as well as
what is acceptable performance.

10



Hands-on training, where employees actually apply lessons learned
in simulated or real situations, will enhance leammg. For example,
operating personnel, who will work in a control room or at control
panels, would benefit by being trained at a simulated control panel.
Upset conditions of various types could be displayed on the simula-
tor, and then the employee could go through the proper operating
procedures to bring the simulator panel back to the normal operating
parameters. A training environment could be created to help the
trainee feel the full reality of the situation but under controlled
conditions. This type of realistic training can be very effective in
teaching employees correct procedures while allowing them also to
see the consequences of what might happen if they do not follow
established operating procedures. Other training techniques using
videos or training also can be very effective for teaching other job
tasks, duties, or imparting other important information. An effective
training program will allow employees to fully participate in the
training process and to practice their skills or knowledge.

Employers need to evaluate periodically their training programs to
see if the necessary skiiis, knowiedge, and routines are being
properiy understood and impiemented by their trained empioye es.
The methods for evaruaur‘rg the t Iralnmg should be GéVGlODEO aIOﬁQ
with the trarnrng program goals and objectlves Training program
rs to o‘erermine me amOu* of training

a l...-.; I 1 R I T

HD\AHPF\

O.
(o]

0 «Q
0
_1
Q
=.
Q.
(0}
— =
= D

J

D .

~
—
-
o
w
a.:
o

J
w

3
4

O Q.
o
Q
sl
O
Q.
—
-

5 L0
-
n
3
3
Q@
S
S ac
—
=5
O
)
)
S
5
o

n
[4V]
o]
>
@
— D 0N
(@]
(B D O
5 (o)
-
O
e 3
(9]
o -
4
-

tralnlng messages and lnformatlon

Careful consideration must be given to ensure that employees,
including maintenance and contract employees, receive current and
updated training. For example, if changes are made to a process,
affected employees must be trained in the changes and understand
the effects of the changes on their job tasks. Additionally, as already
discussed, the evaluation of the employee’s absorption of training
will certainly determine the need for further training.
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Contractors

Employers who use contractors to perform work in and around
processes that involve highly hazardous chemicals have to establish
a screening process so that they hire and use only contractors who
accomplish the desired job tasks without compromising the safety
and health of any employees at a facility. For contractors whose
safety performance on the job is not known to the hiring employer,
the employer must obtain information on injury and illness rates and
experience and should obtain contractor references. In addition, the
employer must ensure that the contractor has the appropriate job
skills, knowledge, and certifications (e.g., for pressure vessel weld-
ers). Contractor work methods and experience should be evaluated.
For example, does the contractor conducting demolition work swing
loads over operating processes or does the contractor avoid such
hazards?

Maintaining a site injury and iliness log for contractors is another
method empioyers must use to track and maintain current knowiedge
of activities involving contract employees working on or adjacent to
processes covered by PSM. injury and iiiness iogs of both the
employer S employees and confract employees aliow the empi@‘y ri

nave TUII KHOWIGOQS OI process mjury anc IIIHBSS expenence S
log contains information useful to those audmng process safety
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ployer has better coordmanon and more management control over
the work being performed in the process area. A well-run and well-
maintained process, where employee safety is fully recognized,
benefits all of those who work in the facility whether they are employ-
ees of the employer or the contractor.

Pre-Startup Safety Review

For new processes, the employer will find a PHA helpful in improving
the design and construction of the process from a reliability and
quality point of view. The safe operation of the new process is
enhanced by making use of the PHA recommendations before final
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For existing processes that have been shutdown for turnaround or
modification, the employer must ensure that any changes other than
“replacement in kind” made to the process during shutdown go
through the management of change procedures. P&IDs will need to
be updated, as necessary, as well as operating procedures and
instructions. If the changes made to the process during shutdown
are significant and affect the training program, then operating
personnel as well as employees engaged in routine and nonroutine
work in the process area may need some refresher or additional
training. Any incident investigation recommendations, compliance
audits, or PHA recommendations need to be reviewed to see what
affect they may have on the process before beginning the startup.

Mechanical Integrity of Equipment

Empioyers must review their maintenance programs and scheduies

to see if there are areas where * DreaKcown mamtena‘nce IS used
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of test and inspection results and doc umenta’u n
recommendations for emnnment and instrument

m

Process Defenses

The first line of defense an employer has is to operate and maintain
the process as designed and to contain the chemicals. This is
backed up by the second line of defense which is to control the
release of chemicals through venting to scrubbers or flares, or to
surge or overflow tanks designed to receive such chemicals. This
also would include fixed fire protection systems like sprinklers, water



The first step of an effective mechanical intearitv proaram is to
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compile and categorize a list of process equipment and instrumenta-
tion to include in the program. ThlS list includes pressure vessels,
storage tanks, process piping, relief and vent systems, fire protection
system components, emergency shutdown systems and alarms, and
interlocks and pumps. For the categorization of instrumentation and
the listed equipment, the employer should set priorities for which

pieces of equipment require closer scrutiny than others.
Inspection and Testing

The mean time to failure of various instrumentation and equipment
parts would be known from the manufacturer’s data or the
employer’s experience with the parts, which then influence inspec-
tion and testing frequency and associated procedures. Also, appli-
cable codes and standards—such as the National Board Inspection
Code, or those from the American Society for Testing and Materials,
American Petroleum Institute, National Fire Protection Association,
American National Standards Institute, American Society of Me-
chanicai Engineers, and other groups—provide information to heip
establish an effective testing and inspection frequency, as well as
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tion freau,ngv is recommended (methods of develoomo the corro-

sion rate are available in the codes) Internal mspectlons need to
cover ltems ‘such as the vessel shell, bottom and head; metallic
linings; nonmetallic linings; thickness measurements for vessels and
piping; inspection for erosion, corrosion, cracking and bulges;
internal equipment like trays, baffles, sensors and screens for

erosion, corrosion or cracking and other deficiencies. Some of these

1'D

14



inspections may be performed by state or local government inspec-
tors under state and Iocal statutes. However, each employer must
develop procedures to ensure that tests and rnspectlons are con-
ducted properly and that consistency is maintained even where
different employees may be involved. Appropriate training must be
provided to maintenance personnel to ensure that they understand
the preventive maintenance program procedures, safe practices, and
the proper use and application of special equipment or unique tools
that may be required. This training is part of the overall training

program called for in the standard.
Quality Assurance

A quality assurance system helps ensure the use of proper materials
of construction, the proper fabrication and inspection procedures,
and appropriate installation procedures that recognize field installa-
tion concerns. The quality assurance program is an essential part of
the mechanical integrity program and will heip maintain the primary
and secondary lines of defense designed into the process to prevent
unwanted chemrcal releases or to control or mrtrgate a rel ase. “As
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eo ipment that may
management of

{

become necessary
change procedures.

Nonroutine Work Authorizations

Nonroutine work conducted in process areas must be controlled by
the employer in a consistent manner. The hazards identified involv-
ing the work to be accomplished must be communicated to those
doing the work and to those operating personnel whose work could
affect the safety of the process. A work authorization notice or
permit must follow a procedure that describes the steps the mainte-



nance supervisor, contractor representative, or other person needs
to follow to obtain the necessary clearance to start the job. The work
authorization procedures must reference and coordinate, as appli-
cable, lockout/tagout procedures, line breaking procedures, confined
space entry procedures, and hot work authorizations. This proce-
dure also must provide clear steps to follow once the job is com-
pleted to provide closure for those that need to know the job is now

completed and that equipment can be returned to normal.

Managing Change

To properly manage changes to process chemicals, technology,
equipment and facilities, one must define what is meant by change.
In the process safety management standard, change includes all
modifications to equipment, proceoures raw materials, and process-
ing conditions other than “replacement in kind.” These changes
must be properly managed by identifying and reviewing them prior to
implementing them. For exampte the operatmg procedures contain
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rates, etc.) and the importance of operating within these limits. While

tha anaratnr miiet have tha flavihility +0 maintain eafe nnearatinn
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within the established parameters, any operation outside of these
parameters requires review and approval by a written management
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of change procedure. Management of change also covers changes
in process technology and changes to equipment and instrumenta-
tion. Changes in process technology can result from changes in
production rates, raw materials, experimentation, equipment unavail-
ability, new equipment, new product development, change in cata-
lysts, and changes in operating conditions to improve yield or quality.
Equipment changes can be in materials of construction, equipment
specifications, piping pre-arrangements, experimental equipment,
computer program revisions, and alarms and interlocks. Employers
must establish means and methods to detect both technical and

mechanical changes.

Temporary changes have caused a number of catastrophes over the
years, and employers must establish ways to detect both temporary,
and permanent changes itis important that a time limit for temporary
changes be established and monitored since otherwise, without
control these changes may tend to become permanent Temporary

btldl 1yes die bUUjb'bl [L8) ll ie maudgemem Ul bl ldrige plUVIbIUHb l(l
addition, the management of change procedures are used to ensure
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designed conditions at the end of the temporary change. Proper
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ensuring that safety and health considerations are incorporated into
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operating procedures and processes. Employers may wish to
develop a form or clearance sheet to facilitate the processing of
changes through the management of change procedures. A typical
change form may include a description and the purpose of the
change, the technical basis for the change, safety and health consid-
erations, documentation of changes for the operating procedures,
maintenance procedures inspection and testing, P&IDs, electrical
classification, training and communications, pre-startup inspection,
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procedure manuals are updated Copres of process changes must
be kept in an accessible location to ensure that design changes are

available to operating personnel as well as to PHA team members
when a PHA is being prepared or being updated.

Incident Investigation

Incident investigation is the process of identifying the underlying
causes of incidents and implementing steps to prevent similar events
from occurring. The intent of an incident investigation is for employ-
ers to learn from past experiences and thus avoid repeating past
mistakes. The incidents OSHA expects employers to recognize and
to investigate are the types of events that resulted in or could rea-
sonably have resulted in a catastrophic release. These events are
sometimes referred to as “near misses,” meaning that a serious
consequence did not occur, but could have. (See Figure 3 for
sample incident investigation report form.)

Employers must develop in-house capabiiity to investigate incidents
that occur in their facilities. A team should be assembled by the

employer and trained in the techniques of investigation including how
to conduct interviews of witnesses, assemble needed documenta-
Fimen ~ Pt R e PN A s ildl Allmmionlionmem, damemn 1o bbb e ~bala
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gather the facts of the event and to analyze them and develop
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Natificatinn af Prncece nrnn.ge Cheolhict

Iinformation about the Change:

Qriginator Date of Origination

Proposed Date of Change i Area

© Permanent O Temporary From To

Description and Location of Change (Scope)

Tarhniral Aacie fnr Channa

¥ UG WG TN Vllﬂl'y

Nature of the Change:

Change affects: (1 Safety O Loss Prevertion O Environment O Health

Type of Change: O Alarm 1 Shuidown Point O Addition or Removal of Equipment
O Piping Modification & Chemical O Process Computsr Cantrot
O Job Procedure O Instrument O Equipment/Material Modification
O Other

“ﬁh
Premodification Chackﬂst:

0000oaoooonoooaon
DooooopoopROOOOoga

IHIIIHHIIIHI,

Consuit nmmn and mummpm specifications,

8  Perform reactive chemicals tesnng & In process?
Add involved materials to Toxic Substance Control Act (TSC

Caiculate impact on F&E! and CE,
Comp&r\mm Engineering Pracuces
Comply with Technology Center guidelines.

Comnhr with Dow. Environmental Protection Guideline for Opgg‘aﬁ

Comply wtm Saﬁety and Loss Prevention requirements.
Consult maintendnce (name)

A} inventory.

ns.

Consult instrumert and electrical technician {(name}

Consult pans technician (name)

Evaluate and modify reiief system (name)

Consult Industrial Hygiene (name)

Consult Process Engineering (name)

Complete required reviews (name l’EV!eWS)

Cther L

Postmodification Checklist {Before Startup):

Appiicable  N/A initals
[m] a
c a
i [m} S
O O —
O [m] —_—
a3 ] —
m} O —

Approvals:

Originator

First Reviewer

Department Head/Superintendent

Corporate SLP/S
February 1992

Performed prestartup audit,

Compieted or u_pdaled training program.
Wrote and obtained approval for job procedures.
Updated P&IDs process flow sheets and plot plans.

Trained personnel on the change.
Updated cnticai instrument checkiist.
Changed computer code and documentation,

Name Date

Reprinted with permission of Dow Chemical USA,

2020 Dow Center, Midiand, M! 48762.
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National Safety Council

ACCIDENT INVESTIGATION REPORT

l CASE NUMBER I

COMPANY ADDRESS
DEPARTMENT LOCATION (if ditferent from mailing )
1. NAME of INJURED 2. SOCIAL SECURITY NUMBER | 3. SEX 4. AGE 5. DATE of ACCIDENT

M CF

6. HOME ADDRESS

7. EMPLOYEE'S USUAL OCCUPATION

8. OCCUPATION at TIME of ACCIDENT

11. EMPLOYMENT CATEGORY
O Reguiar, fut-tme Temporary O Nonempioyee

9. LENGTH of EMPLOYMENT
Dilessthan 1mo. 6 mos to5yrs.

10. TIME 1n OCCUP. at TIME of ACCIDENT
Clessthantmo. 6 mos. to 5yrs

) More than 5 yrs. T 1-5 mos. T More than § yrs

13. NATURE of INJURY ang PART of BODY

O Regular, part-ume [ Seasonat 12. CASE NUMBERS and NAMES of OTHERS INJURED in SAME ACCIDENT

14 NAME and ADORESS of PHYSICIAN 4

5. NAME and ADDRESS of HOSPITAL

~t* 8. Time within snit

17. SEVERITY of INJURY
AM (3 Fatality
A ________PM
0] Lost workdays—days away from work
O Lost workdays—days of restricted activity
T Medical treatment
~Type of shift O First 2id

HeNy :; O Other, specity .

16. TIME of INJURY

18. SPECIFIC LOCATION of ACCIDENT

ON EMPLOYER'S PREMISES? Tl Yes (I No

19. Wgﬁ EMPLOYEE's WORKDAY at TIME of INJURY
J\\;ﬁﬂ During rest period O Entering or leaving piant
e 3

'&E Dunng meal period [ Performing work duties
B o

% ET S
ﬁwm overtime.., T Other
WM

20. DESCRIBE HOW the ACCIDENT QCCURRED

=y

T

A Injury Event

21. ACCIDENT SEQUENCE. Describe in reverse order of occurrence events preceding the imury and accident. Staring
with the imury angd moving backward i time, reconstruct the sequence of events that led to the inury.

B. Actident Event

C. Prereding Event #1

D. Preceding Event #2, #3, etc

¢ eanby4

Kl



2e

22. TASK and ACTIVITY at TIME of ACCIDENT 2.

A. General type of task

POSTURE of EMPLOYEE

B. Specific actvity

4
P
. TINPROYEE W, WOIKIng.
T Alone 7 With crew or fellow worker 7] Other, spscify

SUPERVISION at TIME of ACCIDENT

2] Directty supervised 3 Not supervised
CJ Indirectly suoervised [J Supervision not feasible

25. CAUSAL FACTORS. Events and conditions that contnbuted to the accident. include those
igentified by use of the Guide for identifying Causal Factors and Corrective Actions.

26. CORRECTIVE ACTIONS. Thiose that have owen. or will be, 1aken to pi
o

i v ce for Idannfsine Caueal fartare and Carca
ingentified By use of the Guide for identfying Causal Factors and Corrective ACtions.

£

PREPARED BY APPROVED
TITLE TITLE DATE
DEPARTMENT DATE APPROVED
Reprinted with permission from the National TITLE DATE

Safaty Council, 1121 Spring Lake Drive,

(ponupuog) ¢ sanfily



should be selected on the basis of their training, knowledge, and
ability to contribute to a team effort to fully investigate the incident.

Employees in the process area where the incident occurred should
be consulted, interviewed or made a member of the team. Their
knowledge of the events represents a significant set of facts about
the incident that occurred. The repon, its findings, and recommen-
dations should be shared with those who can benefit from the
information. The cooperation of employees is essential to an effec-
tive incident investigation. The focus of the investigation should be
to obtain facts and not to place blame. The team and the investiga-
tive process should clearly deal with all involved individuals in a fair,
open, and consistent manner.

Emergency Preparedness

Each employer must address what actions employees are to take
when there is an unwanted release of highly hazardous chemicals.
Emergency preparedness is the employer's third line of defense that
will be relied on along with the second line of defense, which is to

onntr ~l tha rnlmaon nf hhamu\ale f‘nnfrr\l ralnacne and o emergency
WU U0 R W WU TN GO WALV TUICAO GO AT I UlllU(u y

preparedness will take place when the first line of defense to operate
and maintain the process and contain the chemicals fails to stop the
release In preparing for an emergency chemical release, employers

o] L F S | PR S
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» Whether they want employees to handle and stop small or minor
incidental releases;

» Whether they wish to mobilize the available resources at the plant
and have them brought to bear on a more significant release;

« Whether employers want their employees to evacuate the danger
area and promptly escape to a preplanned safe zone area, and
then allow the local community emergency response organizations
to handle the release; or

+ Whether the employer wants to use some combination of these
actions.

an!n\/prc will need to select how many d differant emergency pre-

S AYAE" AR A1 FINA WA AW W

paredness or third lines of defense they plan to have, develop the
necessary emergency plans and procedures, appropriately train
employees in their emergency duties and responsibilities, and then

miarmant thana lim £ v
IHI}JIC[“CH[ INese ines Ul UU'C”DU
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Employers, at a minimum, must have an emergency action plan that

LS

will facnhtate the prompt evacuatlon of employees when there is an
unwanted release of a highly hazardous chemical. This means that
the employer’s plan will be activated by an alarm system to alert
employees when to evacuate, and that employees who are physi-
cally impaired will have the necessary support and assistance to get
them to a safe zone. The intent of these requirements is to alert and
move employees quickly to a safe zone. Delaying alarms or confus-
ing alarms are to be avoided. The use of process control centers or
buildings as safe areas is discouraged. Recent catastrophes indi-
cate that lives are lost in these structures because of their location
and because they are not necessarily designed to withstand over-
pressures from shock waves resulting from explosions in the process
area.

When there are unwanted incidental releases of highly hazardous
chemicals in the process area, the employer must inform employees
of the actions/procedures to take. If the employer wants employees
to evacuate the area, then the emergency action plan will be acti-
vated. For outdoor processes, where wind direction is important for
seiecting the safe route io a refuge area, the empioyers shouid piace
a wind direction indicaior, such as a wind sock or pennant, at the
hlghest pomt visible throughout the process area. Employees can
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in safe access {0 a refuge area oy
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dentlfv and meet the tralnlno needs for emolovee,
D pected to handle incidental or minor releases.

Preplanning for more serious releases is an important element in the
employer’s line of defense. When a serious release of a highly
hazardous chemical occurs, the employer, through prepianning, will
have determined in advance what actions employees are to take.
The evacuation of the immediate release area and other areas, as
necessary, would be accomplished under the emergency action
plan. If the employer wishes to use plant personnel—such as a fire
brigade, spill control team, a hazardous materials team—or employ-
ees to render aid to those in the immediate release area and to
control or mitigate the incident, refer to OSHA’s Hazardous Waste

N
(%]



Operations and Emergency Response (HAZWOPER) standard (Title
29 CFR Part 1910.120). If outside assistance is necessary, such as
through mutual aid agreements between employers and local
anvernmant amearnancy recnnnes nraanizatinne theaee smarnoncy
vv' (" AR RIERAYI R ISR WE R RASY | v\.‘l I\JJ 'VU'J\J' IWo\wr /1 uul HéwLALIND l\J’ LE NI BT IN HUI |\J’
roennndare arn alen ~raverad hv HAZ7ZWOPRPE Thao eafoty and haalth
lDQHUl NA T2 LA O LIV WOV GOl U’ 1 WM\ ¥ VAL Ll L i QQ|UL’ CU N4 T1CQLILT
nratantinn ramiiirad far amarmansg racennndare ie tha raenancibilitvy ~F
proteclon reqguired 1or emergency responaers is ine responsioiity Gl
thnir amnlavare and Af tha AnLte~rarna InAidant ~Aadmmandar
ineir empioyers ana o1 ine on-scéene Inciaent commanaer,

nnnnn o Inm sasrmmlotomm saomadomm sommy bnmmomrad i s monm ol idlom e
nesSpulivucis Thidy be WUTRITY Ulidet vely Haldiuuus COUNULLIOT S,
IS PRy Sy Bl o bt mdite s ton B bt o Bl i o m m b e d e o P A Lo o~
liereloie, e ODjeCLlive 15 10 Tidve LUiclll COTHpelelilty i€ Dy dil Ofi-
PR HIVREG SN SNV NP PR S Y DR USSR [T IO NP 4 4 TR
scene incident commander and the commander's staff, properly
éqUIpped to do their assngnecl work sarely, and fully trained to carry

out their duties safely before they respond to an emergency. Drills,
training exercises, or simulations with the iocal community emer-
gency response planners and responder organizations is one means
to obtain better preparedness. This close cooperation and coordina-
tion between plant and local community emergency preparedness
managers also will aid the employer in complying with the Environ-
mental Protection Agency’s Risk Management Plan criteria.1

An effective way for medium to large facilities to enhance coordina-
tion and communication during emergencies within the plant and with
local community organizations is by establishing and equipping an
emergency control center. The emergency control center should be
located in a safe zone so that it could be occupied throughout the
duration of an emergency. The center should serve as the major
communications link between the on-scene incident commander and

nlant or corporate management as well as with local communitv

| Tt = - '

off:cza!si The communications equipment in the emergency control
center should include a network to receive and transmit information
hv telenhone radio. or other means. It is imnortant to have a hackun
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'EPA is required by the Clean Air Act Amendments of 1990 to develop regulations that
will requnre companies to make available to the public information on the way the
companies manage the risks of the chemicals they handle. These regulations will be
developed in 1992. The OSHA PSM standard, which meets similar Clean Air
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Compliance Audits

An audit is a technique used to gather sufficient facts and informa-
tion, including statistical information, to verify compliance with
standards. Employers must select a trained individual or assemble a
trained team to audit the process safety management system and
program. A small process or plant may need only one knowledge-
able person to conduct an audit. The audit includes an evaluation of

t Uil =TT T kil T - T T

e design and effectiveness of the process safety management
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Planning is essentiai to the success of the auditing process. During
planning, auditors shouid select a sufficient number of processes to
give a high degree of confidence that the audit refiects the overaii
level of compliance with the standard. Each employer must establish
the format, staffing, scheduiing, and verification methods before
conducting the audit. The format should be designed to provide the
lead auditor with a procedure or checklist that details the require-
ments of each section of the standard. The names of the audit team
members should be listed as part of the format as well. The check-
list, if properly designed, could serve as the verification sheet that
provides the auditor with the necessary information to expedite the
review of the program and ensure that all requirements of the
standard are met. This verification sheet format could also identify
those elements that will require an evaluation or a response to
correct deficiencies. This sheet also could be used for developing
the follow-up and documentation requirements.

Staffing

-
The selection of effective audit team members is critical to the
success of the program. Team members should be chosen for their
experience, knowledge, and training and should be familiar with the
processes and auditing techniques, practices, and procedures. The
size of the team will vary depending on the size and complexity of
the process under consideration. For a large, complex, highly
instrumented plant, it may be desirable to have team members with
expertise in process engineering and design; process chemistry;
instrumentation and computer controls; electrical hazards and
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tically an
sions of the standard and any other corporate policies that are
reievant. For example, the audit team will review ali aspects of the
training program as part of the overail audit. The team will review
the written training program for adequacy of content, frequency of
training, effectiveness of training in terms of its goals and objectives
as well as to how it fits into meeting the standard’s requirements.
Through interviews, the team can determine employees’ knowledge
and awareness of the safety procedures, duties, rules, and emer-
gency response assignments. During the inspection, the team can
observe actual practices such as safety and health policies, proce-
dures, and work authorization practices. This approach enables the
team to identify deficiencies and determine where corrective actions
or improvements are necessary.

Evaluation and Corrective Action
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d responsibilities. In some cases, corrective action may

imple change in procedures or a minor maintenance effort
re e problem. Management of change procedures need to
e used, as appropriate, even for a seemingly minor change. Many
of the deficiencies can be acted on promptly, while some may
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taken, including an explanation when no action is taken on a finding,

need to be documented.

necessary; this is a valid response to an audit finding. All actions

dures and practices. There may be instances where no action is

require engineering studies or more detailed review of actual proce-
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standard imposes. The end result can only be safer more healthful

employers to comply more easily with the new requirements the
workplace for all employees—a goal we all share.

OSHA believes the preceding discussion of PSM should help small

Concl
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failures or procedurai errors on the

g

Checkiist. For more complex processes, the “what if” study can be
best organized through the use of a “checklist,” and assigning certain
aspects of the process to the committee members having the
greatest experience or skill in evaluating those aspects. Operator
practices and job knowledge are audited in the field, the suitability of
equipment and materials of construction is studied, the chemistry of
the process and the control systems are reviewed, and the operating
and maintenance records are audited. Generally, a checklist evalua-
tion of a process precedes use of the more sophisticated methods
described below, unless the process has been operated safely for
many years and has been subjected to periodic and thorough safety
inspections and audits.

What-If/Checklist. The what-if/checklist is a broadly based hazard
assessment technique that combines the creative thinki
selected team of specialists with the methodical focus of
checklist. The result is a comprehensive hazard analysi
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iew team methodically examines the operation from receipt of
raw materiais to delivery of the finished product to the customer’s
each



When the review team has completed listing its spontaneously
generated questions, it systematically goes through a prepared
checkilist to stimulate additional questions.

Subsequently, answers are developed for each question. The
review team then works to achieve a consensus on each question
and answer. From these answers, a listing of recommendations is
developed specifying the need for additional action or study. The
recommendations, along with the list of questions and answers,
become the key eiements of the hazard assessment report.

Hazard and Operability Study (HAZOP) HAZOP is a formally

TR [P W | ‘l PR SR Ny | _- PR S S Yy N PR

structured method o sysremaucauy investigating each eiement of a
system for all of the ways in which important parameters can deviate
fomvnn dlan fomdm sl A mimen Al E e b mmm b Iemmavaloa el Al
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problems. The hazard and operability problems are typically deter-
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operation.

Pertinent parameters are selected, for example, flow, temperature,
pressure, and time. Then the effect of deviations from design
conditions of each parameter is examined. A list of key words, for
example, “more of,” “less of,” “,_ rt of,” are selected for use in de-
scribing each potential deviation

The system is evaluated as designed and with deviations noted. All
causes of failure are identified. Existing safeguards and protection
are identified. An assessment is made weighing the consequences,
causes, and protection requirements involved.

Failure Mode and Effect Analysis (FMEA). The FMEA is a methodi-
cal study of component failures. This review starts with a diagram of
the operation, and includes all components that could fail and
conceivably affect the safety of the operation. Typical examples are
instrument transmitters, controllers, valves, pumps, rotometers, etc.
These components are listed on a data tabulation sheet and individu-
ally analyzed for the following:

- Potential mode of failure, (i.e., open, closed, on, off, leaks, etc);

« Consequence of the failure; effect on other components and
effects on whole system;

'

+ Hazard class, (i.e.,

31



« Probability of failure;
« Detection methods; and
+ Remarks/compensating provisions.

Multiple concurrent failures also are included in the analysis. The
last step in the analysis is to analyze the data for each component or
multiple component failure and develop a series of recommendations
appropriate to risk management.

Fault Tree Analysis. A fault tree analysis can be either a qualitative
or a quantitative model! of all the undesirable outcomes, such as a
toxic gas release or explosion, that could result from a specific
initiating event. It begins with a graphic representation (using logic
symbols) of all possible sequences of events that could result in an
incident. The resulting diagram looks like a tree with many branches
listing the sequential events (failures) for different independent paths
to the top event. Probabilities (using failure rate data) are assigned

to each event and then used to calculate the probability of occur-
rence of the undesired event.

This technique is particularly useful in evaluating the effect of alter-
native actions on reducing the probability of occurrence of the
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States with Approved Plans
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OSHA Consultation Project Directory

State Telephone
Alabama .....ccoiiiriiei e (205) 348-3033
AlaSKa ... (907) 269-4939
ANZONA .t (602) 542-5795
ATKANSAS ..ottt (501) 682-4522
California ......cooiiieee e (415) 703-4441
Colorado ....oovveeeeiiii e (303) 491-6151
ConnectiCUt ... (203) 566-4550
Delaware .........ooooeiii e (302) 577-3908
District of Columbia.................ccocooiiiiiiei e (202) 576-6339
Florida ...cooooieieeee e (904) 488-3044
GEOMGIA ..evvieieiiiiiiiieeee e (404) 894-8274
GUAM e e (671) 647-4202
HaWai ......ooeiiii e (808) 586-9116
IO ..o (208) 385-3283
HINOIS ...coeii e (312) 814-2337
INdIANA ...cooie e (317) 232-2688
JOWE . (515) 281-5352
KanSas .......cooieiiiiiieie e (913) 296-4386
KentUCKY ...coovvniiiieeeeeeeeee e, (502) 564-6895
LOUISIANG ... (504) 342-9601
MaiNe .o (207) 624-6460
Maryland .....ooooii e, (410) 333-4218
MasSSaChUSELS .........ooooviiiiic e (617)969-7177
Michigan ..o (517) 322-8250(H)
(517) 322-1809(S)
MINNESOota.........eeeiiieiiiie e, (612) 297-2393
MISSISSIPPI .eeeeeeieiiee et (601) 987-3981
MISSOURT ..o, (314) 751-3403
MONANA ... (406) 444-6418
Nebraska .......coooviiiiii e, (402) 471-4717
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Nevada ......cooiiieiee et (702) 486-5016
New Hampshire .......ccoooriii e (603) 271-2024
NEW UJEISEY oottt e (609) 292-3923
NeWMEXICO ....oooiiiiiiee et (505) 827-2877
NEW YOTK ... et e e (518) 457-2481
North Carolina.......cooveviiiiieiciiiee e (919) 733-2360
NOMh DaKota ...o.ovvviieeeeiceeee e (701) 221-5188
@] 311 SO OO SO PUT TR ROPPPPPR (614) 644-2631
OKIahOmMA ... e (405) 528-1500
OFEGON ..ttt (503) 378-3272
Pennsylvania ... (412) 357-2396
PUBTO RICO e (809) 754-2171
Rhodelsland ..o (401) 277-2438
SouthCarolina ..o (803) 734-9599
SouthDakota .......ceeeiiiiiiiii e, (605) 688-4101
TENNESSEE ... (615) 741-7036
=5 = SO PRS U UPPPPPTR (512) 440-3834
LN e (801) 530-6868
VBIMIONE e (802) 828-2765
VIrginia .....c.ooooviiiiiii (804) 786-8707
Virgin Islands ..o (809) 772-1315
Washinglon ... (206) 956-5443
West VIrginia ...t (304) 558-7890
WISCONSIN e (608) 266-8579(H)

(608) 266-1818(S)

(H) - Health
(S) - Safety

[H]
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OSHA Area Offices

Area Telephone
Abany, NY .....ccconiiirieiireerceerenerreenreecenensnnnnenne (918) 464-6742
Albuquerque, NM ... ..., (505) 766-3411
Allentown, PA ... (215) 776-0592
Anchorage, AK ... (907)271-5152
Appleton, W ..., (414) 734-4521
Augusta, ME ... (207) 622-8417
AUSTIN, TX oo (5612) 482-5783
Avenel, NJ ..o (908) 750-3270
Baltimore, MD ... (410) 962-2840
Baton RoUge, LA ......oooiiiiiiiiiieieee e (504) 389-0474
Bayside, NY ....ciiiiirnviirrcrneeiccrcecneerrenneeeeeneenneees (718) 279-9060
Bellevue, WA ...t eee (206) 553-7520
Billings, MT ..ot (406) 657-6649
Birmingham, AL e (205) 731-1534
Bismarck, ND .......coooiiiiieee e (701) 250-4521
Boise, ID ... reerceeeeeeeeeeenns (208) 334-1867
Bowmansvilie, NY ... (716) 684-3891
Braintree, MA ... (617) 565-6924
Bridgeport, CT e (203) 579-5579
Calumet City, L ..o (708) 891-3800
Carson City, NV e (702) 885-6963
Charleston, WV ........ccoiiireieeeeeeeeeeveveeeae e e (304) 347-5937
Cincinnati, OH ... (513) 841-4132
Cleveland, OH ... ... (216) 522-3818
Columbia, SC ... (803) 765-5904
Columbus, OH ... e (614) 469-5582
Concord, NH .......oooiiiiii e (603) 225-1629
Corpus Christi, TX ......ccccovviiiriiiccecrenecescernee e (512) 888-3257
Dallas, TX . (214) 320-2400
Denver, CO ... (303) 844-5285
DesPlaines, Il ... e (708) 803-4800



Des Moines, |A
Englewood, CO

Crin DA
clie, rA

Fort Lauderdale, FL
Fort Worth, TX
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Harrisburg, PA

Hartford, CT
Hasbrouck Heights
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.....................................................
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Honolulu, Hi
Houston, TX
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(713) 591-2438
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Kansas City, MO
Lansing, Ml
Little Rock, AR
Lubbock, TX
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Related Publications

OSHA-2056 All About OSHA

OSHA-3084 Chemical Hazard Communication
OSHA-3047 Consultation Services for the Employer

OSHA-3088 How to Prepare for Workplace Emergencies

Hazard uommumcaz‘ia‘ Standard, Title 29, Code of Federal
Reguiations (CFR) Part 1810.1200

Process .:arety Management of ngn/y Hazardous Chemicals
Standard, Title 29, Code of Federal Hegwanons (CFFf‘) Part
1910.119 FR 57, P. 6356. This contains the actual text of the PSM

ruie.

(A single free copy of the above materials can be obtained from |

OSHA Publications Office, Room N3101, Washington, DC 20210,
(202) 523-9667).

OSHA-3104 Hazard Communication - A Compliance Kit
(A reference guide to step-by-step requirements for compliance
with the OSHA standard.)

OSHA-3071 Job Hazard Analysis

(OSHA 3104 and OSHA 3071 are available from the Superintendent
of Documents, U.S. Government Printing Office, Washington, DC
20402, (202) 783-3238. OSHA 3104 - GPO Order No. 929-022-
000009 $18 domestic; $22.50-foreign. OSHA 3071 - GPO Order No.

029-016-00142-5, $1 _OO,)



Regional Offices

Region

Regionll
NJ, NY,* PR,* VI*
201 Varick Street
Room 670
New York, NY 10014
Telephone: (212) 337-2378

Region il

DC, DE, MD,* PA,VA,* WV)
Gateway Building, Suite 2100
3535 Market Street
Philadelphia, PA 19104
Telephone: (215) 596-1201

Region 1V
(AL, FL, GA, KY,* MS, NC,
SC *TN*

*These states and territories operate their own OSHA-approved job safety
and health programs (Connecucut and New York plans cover public

that is identical to, or at least as effectlve as the federal standard.




